Research was carried out in order to evaluate the effect of drought and salinity on Citrus aurantium L. plant physiological characteristics, total phenolic, flavonoid and ascorbic acid contents, and volatile organic compounds. C. aurantium plants were exposed to different levels of drought and salinity for an experimental period of 60 days. Moderate water deficit (MWD) and 100 mM NaCl increased significantly leaf total phenolic, flavonoid and ascorbic acid contents. Both drought and salinity promoted the accumulation of essential oil in leaves, while MWD and 100 mM NaCl resulted in the highest concentrations of essential oil. The main compounds of the essential oil were linalool, linalyl acetate, neryl acetate, geranyl acetate and α-terpineol. MWD and severe water deficit (SWD) reduced the concentration of hydrocarbon monoterpenes and promoted the accumulation of oxygenated compounds, while treatment with 50 and 100 Mm NaCl, promoted the accumulation of hydrocarbon monoterpenes and reduced oxygenated monoterpene concentrations in C. aurantium.
Citrus aurantium L. (Rutaceae family), commonly known as sour or bitter orange, is often used as a rootstock for other Citrus species, due to its tolerance to cold, resistance to several viral diseases and the improvement of the fruit quality of the grafted plants. However, the fruits, leaves and flowers are also used by the food and cosmetic/pharmaceutical industries. Immature fruits are used for fruit jellies, spoon sweets production and as a condiment, while flowers and leaves are used as a source of fibers, substances for weight loss and flavored sweets [1] . Due to the anxiolytic and sedative effect and to the high price of the oils in the international market of aromatherapy, perfume and cosmetic industries, they are considered as one of the main by-products of sour orange [2] .
Drought is one of the most significant limiting factors in many regions of the world, which seriously affects plant growth and development. Many physiological and biochemical processes in plants are affected, which often causes oxidative stress and increases the concentration of different secondary compounds [3] . In Greece, Citrus species are mostly grown or cultivated in coastal areas and in islands, where problems arise due to high concentrations of Na + and Cl -. Saline soils are more pronounced in areas with semi-arid and arid climate, due to high levels of evapotranspiration and the low level of rainfall, which is insufficient for leaching salts from the soil. Salt stress often creates both ionic and osmotic stress in plants, resulting in either accumulation or decrease of specific secondary metabolites in plants [3] . Under stress conditions plants are forced to develop enzymatic and non-enzymatic mechanisms in order to resist the production of toxic free radicals and enhance their defense system [4] . To maintain a balance between ions in the vacuoles and cytoplasm, low molecular mass compounds referred to as osmolytes are produced in the cytoplasm [5] .
Recently we reported linalool, α-terpineol and linalyl-and geranyl-acetates as the major compounds of the essential oil from C. aurantium leaves grown in Greece [6] . However, no data exist on the effect of drought and salinity on the content and composition. The aim of this study was to investigate the volatile organic compounds and other secondary metabolites of C. aurantium leaves under the influence of drought and salinity conditions. The photosynthetic parameters, leaf transpiration, stomatal conductance, water potential and photosynthetic rate, represent the physiological state of plants under the various levels of stress conditions; drought and salinity, applied in this experiment ( Figure  1 A, B, C and D) . Under the influence of both drought and salinity, these parameters were decreased compared with control plants ( Figure 1A , B and D). In addition, there was a decrease in water potential under drought and salinity, while this decrease was 2 times higher (-32.67 bar) under the influence of SWD ( Figure 1C ). According to Lowlor and Cornic, the rate of photosynthesis in higher plants is decreased when relative humidity and leaf water potential are restricted [7] . Moreover, drought stress induces stomatal closure, which in our study was manifested by reduced leaf transpiration and photosynthetic rate. Drought can generally suppress biochemical processes of assimilation and utilization of carbon through the activity of Rubisco [8] .
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The concentration of total carbohydrates (CHs) was limited under drought and salinity conditions, while significant differences were observed in the SWD and in 50 and 100 mM NaCl, compared with the control plants (Figure 2A ). Proline almost doubled in SWDtreated plants and increased significantly in plants treated with 100 mM NaCl ( Figure 2B ). It is well documented that CHs are necessary for cell growth and they are produced mainly through the process of photosynthesis, while they have important functions, such as osmoregulators, carbon storage and deactivation of free radicals [9] . However, some studies have shown that osmotic stress increases the CH concentration [5] while others reported a reverse effect [10, 11] . On the other hand, one possible role of proline is that it may stabilize DNA, membranes and protein complexes and can act as an energy source providing carbon and nitrogen, in order to relieve the stress [12] . The two levels of drought and salinity stress increased the concentration of total phenols by 20 and 25% under MWD and 100 mM NaCl, respectively ( Figure 3A ). In addition, all the stressed plants accumulated higher amounts of flavonoids compared with the control ( Figure 3B ). The total ascorbic acid concentration was increased by 37 and 88%, under the influence of MWD and SWD, while 50 and 100 mM NaCl increased it by 22 and 36%, respectively ( Figure 3C ). These changes in phenol and total ascorbic acid were positively correlated with the level of drought (r=0.753 and 0.987, P ≤ 0.01) and salinity (r=0.899 and 0.945, P ≤ 0.01), respectively. It has been reported that various stress conditions enhanced phenylpropanoid metabolism, phenolic concentration and increased synthesis of flavonoids [13, 14] . In addition these changes could be due to an activation of enzymes like phenylalanine ammonia lyase, chalcone synthase and phosphoenolpyruvate-carboxylase, suggesting a shift from sucrose production to processes in support of defense and adaption [15] . Ascorbic acid acts as a co-factor for many enzymes such as ascorbate peroxidase (APX), which uses it as an electron donor [16] . A high level of endogenous APX is required, as it maintain effectively the antioxidant mechanism and protects plants from oxidative stress [17] .
Under MWD conditions, C. aurantium yielded the highest essential oil in our experiments (Table 3) . Similar positive effects have been reported in parsley [18] , sage [19] , mint and rosewood [20] . Moreover, treatment with 50 and 100 mM NaCl increased significantly the leaf essential oil content. Our results are also in agreement to those of Hendawy [23] , who reported an increase of essential oil in salvia, mint and coriander, respectively, under the influence of salinity. According to Dow et al. [24] , salinity causes a decrease of essential oils in plants of the family Lamiaceae, probably due to a limited absorption and transport of Ca from the roots to shoots and by changing the ratio of Ca/ABA in the leaves. Moreover, the salinity may affect the accumulation of essential oils indirectly, through the effects on assimilation of substances which are necessary for plant growth. While, salinity seems to inhibit the synthesis of essential oils in mint and chamomile [25, 26] , in other plants the synthesis seems to be induced [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] . Significant differences were observed in the composition of the examined oils, especially under SWD conditions. Fourteen compounds, accounting for 95.4-99.5% of the total essential oil, were detected in all the treatments and among them; the most abundant were linalool, α-terpineol, and linalyl-, geranyl-and nerylacetates (Table 3) . Generally, SWD reduced significantly the total amount of monoterpene hydrocarbons and increased the amount of oxygenated compounds in the essential oil of C. aurantium leaves. More specifically, SWD increased the concentration of linalyl acetate and β-caryophyllene, and limited the amounts of linalool, α-terpineol and all the hydrocarbon monoterpenes. Similar effects of salinity stress on the accumulation of sesquiterpenes have also been reported [23] . In contrast, 50 and 100 mM NaCl, promoted the accumulation of hydrocarbon monoterpenes and reduced the oxygenated monoterpenes concentration. In addition, both levels of NaCl provoked the accumulation of carene, limonene and trans-ß-ocimene. The accumulation of monoterpenes could have an ecological significance in the defense mechanism of plants. Monoterpenes are secondary metabolites formed in the chloroplasts so their concentration may depend on CO 2 levels and the metabolic intermediates formed during the process of photosynthesis [30] . Among other factors, the characteristics of photosynthesis and the productivity of plant tissues have a core role in carbon utilization for essential oil anabolism. Moreover, the recovery of glycerin aldehyde-3P and pyruvate on the plastidic pathway enhanced the hypothesis of close association of photosynthesis with the biosynthesis of essential oil [31] . However, in this study, the accumulation of essential oil increased, while the rate of photosynthesis was decreased, under the influence of oxidative stress. A possible explanation could be that the accumulation of monoterpenes could alleviate the damage in chloroplasts caused by ROS, as well as terpenes could limit plant respiration as a protection Plant stress and secondary metabolites Natural Product Communications Vol. 12 (2) 2017 195 mechanism against stress factors as suggested [32] , although this hypothesis needs further investigation. Generally, it has been reported that the production of secondary metabolites is stimulated by oxidative stress [15, 31] . However, there are only few experimental data to support this hypothesis as there are no studies on the effect of oxidative stress on citrus essential oil in the literature. The osmotic stress can indirectly affect the accumulation of essential oil through its effect on the assimilation of photosynthetic products. In the present study, the limited growth caused by low leaf water potential can potentially modify the supply of extra carbon skeletons required for the biosynthesis and accumulation of monoterpenes in leaves.
Experimental
Plant material and experimental design: water deficit and salinity treatments: The experiment was conducted in a greenhouse at the Experimental Farm of Aristotle University of Thessaloniki (40°34'35'' N 22°57'19'' E) in 2013, using 3 years old C. aurantium plants obtained by cutting propagation. The experimental layout was Completely Randomized Design, with 5 replications (pots) for each treatment, as follows: (a) control 1 (100% of FC), (b) 34% MWD of FC, and (c) 67% SWD of FC, (d) control 2 (0 mM NaCl), (e) moderate salinity (50 mM NaCl) and (f) severe salinity (100 mM NaCl). In all treatments the plants were irrigated with 50% Hoagland prepared with deionized water. MWD and SWD were determined in the pots by weight. For the salinity treatments, the appropriate quantity of NaCl was added each time in nutrient solution and the plants were irrigated with 250 mL of the solution. The experiment lasted 60 days, from April to June, and the leaves were collected, when leaf symptoms of toxicity appeared on the stressed plants. When the experiment was completed, the leaves were harvested and the following parameters were determined in 5 replicates.
Photosynthetic rate and water potential: The leaf photosynthetic rate was measured with an LC Pro+ (ADC BioScientific Ltd., UK). The measurements were performed 45 days from the beginning of the experiments, between 10 and 12 a.m. at steady light intensity (> 900 μmol m −2 s −1 ), while leaf temperature varied between 28 and 32°C. Leaf water potential was measured 1 day prior to the termination of the experiment, between 6 and 7 a.m., on the first fully expanded leaf of each plant, with a Pressure Chamber type PMS-1000.
Determination of total phenols, flavonoids and ascorbic acid: For total phenols and flavonoids determination, 0.2 g of fresh leaves
were extracted with 80% methanol in a cool mortar. The concentration of total phenols was determined as described by Scalbert et al. [33] . The values were expressed as mg gallic acid equivalents (GAE)/g fresh weight (FW).
For the determination of total flavonoid content the method described by Zhisen et al. [34] was used. The values were estimated using a standard curve of rutin and expressed as mg rutin equivalents (RE)/g FW. For the ascorbic acid determination 0.1 g fresh leaves were extracted with 5% meta-phosphoric acid. The values were estimated using a standard curve with a range of 0-50 μM and expressed as μmol/g FW [35] .
Essential oil yield:
Fresh leaves (50 g) were comminuted and subjected to hydrodistillation for 4 h with a distillation rate of 3 to 3.5 mL/min, in a Clevenger-type apparatus. The essential oil content was determined as mL/100 g FW. The obtained essential oil was dried over Na 2 SO 4 and stored at 4-6 ºC for further analysis.
Gas chromatography: Gas chromatographic (GC) analysis of the essential oil was carried out on a CE Instruments TRACE TM Gas Chromatograph (ThermoQuest, Italy) equipped with a Flame Ionization Detector and HP-5ms capillary column (Bonded and cross-linked (5 %-Phenyl-methylpolysiloxane), non-polar, 30 m x 0.25 mm ID x 0.25 μm film), as previously described [36] .
Gas chromatography/mass spectrometry: The essential oil was also analyzed by Gas Chromatography/Mass Spectrometry (GC/MS) on a fused silica DB-5 column, using a GC 17A Ver. 3 interfaced with a MS Shimadzu QP-5050A supported by Class 5000 software, as previously described [6] . The identification of the compounds was based on comparison of their Kovats Retention Indices, determined with reference to a homologous series of C 9 -C 22 n-alkanes, with corresponding literature data and by matching their mass spectral fragmentation patterns with those in MS libraries [37] .
Statistical analysis:
The data were analysed with Analysis of Variance (ANOVA), using the statistical package SPSS 11 17.0 (SPSS Inc., USA). Means were compared by the least significance test at the 0.05 level of confidence using Duncan's multiple range tests. For the correlations, the Pearson Product Moment was used. The data are presented as means ± SE.
